Background: Today because of immigration, HIV pandemic and spread of drug resistant tuberculosis, mortality caused by tuberculosis (TB) has increased. To control the disease it is essential to identify the sources of the infection and patterns of transmission. This becomes possible through using molecular epidemiology methods.
Planning TB control programs requires identifying the sources of the infection (8) , screening to prevent the spread of the disease (9) , and treatment of individuals infected with TB. Identification of transmission patterns is possible using molecular epidemiology approaches, including molecular typing methods, in conjunction with classical epidemiologic methods. This approach enhances our knowledge of transmission routes and the spread of the infection (10). Additionally, we can distinguish recently transmitted TB from reactivated TB (11).
Molecular epidemiology studies using molecular typing methods can evaluate transmission patterns and risk factors, identify transmitted cases of MDR-TB, and determine transmission patterns within human populations (12). Results of these studies will make it possible to prevent the disease. Over the last two decades molecular epidemiology studies to control and prevent TB have been conducted in Iran, and the number of TB cases has significantly decreased. In molecular epidemiology the standard identification method is the IS6110-based restriction fragment length polymorphism (RFLP). This method is based on the numbers and genomic sites of the IS6110 fragment (13) . As the copy numbers of this sequence differ from one strain to another (0-25 copy number) (14) , it is a useful tool in TB epidemiology research and a method to track TB transmission (15, 16) .
The present study is a systematic review of previous research using the IS6110-RFLP method in Iran. The goal is to recognize the role of molecular epidemiology in the control of TB, which have been neglected, and to reduce the rate of the disease in Iran.
MATERIALS AND METHODS

Study selection
This survey consisted of molecular epidemiology studies of different Iranian populations. Inclusion criteria were: IS6110-RFLP as the primary fingerprinting method; more than 57 cases; a study period of six months or more;
and identification of the number of isolates within each cluster.
Research that used other primary methods; specific populations, such as patients with MDR-TB or HIV; or cases infected with specific strains, were excluded.
Literature search
The electronic databases PubMed, SCOPUS, Google Scholar and Scientific Information Database were searched from 1995 until the end of 2015. The keywords of tuberculosis, molecular epidemiology, IS6110-RFLP, and
Iran were selected to find articles in both Farsi and English.
Data extraction
Data collected included: the duration of the study; the time; region; sample size; genotyping method; clustering proportions; cluster size; the secondary typing method for strains with few IS6110 bands (if done); and risk factors. To calculate the ratio of TB due to recent transmission, to the total number of infected patients, the formula below was used (17) . The formula assumes that each cluster is of an infected source in which the disease has become active and the others members of the cluster have recently acquired the disease from that source.
Minimum estimated rate of recent transmission = Number of clustered patients-Number of clusters
Total number of patients
Isolates which had a unique pattern were categorized as non-clustered and those with the same IS6110-RFLP pattern as clustered.
RESULTS
The published articles related to the molecular epidemiology of TB were reviewed. Articles that did not conduct DNA fingerprinting; did not use IS6110-RFLP as the primary method; or did not mention cluster size were excluded. Finally, the data from 11 articles was evaluated Extracted data is summarized in (Figure 2 ). The rate of acquiring an infection increased compared to a previous study in this area. The risk factors within the cluster were not evaluated in five studies (18, 19, (25) (26) (27) Studies with a greater number of isolates provide more reliable results (21,23). Subsequent studies showed a decline in transmission (24,25,27), which was in agreement with the reduction of TB prevalence in the country.
In the latest study in Iran using the IS6110-RFLP method, the transmission rate was 49% (28), which is high compared with earlier studies. As in our study, the smearpositive samples were included and these cases had a role in transmitting the infection. 34), the duration of the study was short and the clustering rate was low. Secondary typing methods were not used in the Farnia's study, (19) and 38 isolates with low bands were excluded (as the IS6110 accuracy in the isolates with low bands is low). In the 62 remaining isolates, because of high number IS6110
bands, the rate of clustering was low.
In older individuals, TB is associated with the reactivation, and increasing the age of the study subjects decreases the clustering rate. In a study from Japan (35), the average age was 69.4 years which decreased the clustering rate. In contrast, the rate increases with subjects of younger age (36,37). For example, in a study from Tehran,(21) subjects were young, and the rate of clustering was higher (43%) ( Table 1) .
In our reviewed studies, the most common cluster size was two. The most crowded cluster consisted of eight isolates from patients living in East Azarbaijan province of Iran (22). Similarly, in a study from Belgrade, the most common cluster size was two and the largest cluster size was six (38). In a study from San Francisco (39), the largest cluster had 30 members. In Zimbabwe (40), a unique genotype was isolated from 116 patients (approximately half of the subjects).
Among the factors in increasing cluster size are emerging strains unique to a region (41) . As unique strains are not common in Iran, the size of clusters was small. In East Azarbaijan province, like Los Angeles, USA, the transmission rate of drug resistant TB was low (57) . While in Estonia (4), the Archangel Oblast Region of Russia (58), and New York City (36), the drug resistant TB was more frequently transmitted. This occurred in New York due to poor management of TB control programs, the HIV epidemic, and the economical and social problems of the city (56) . In Russia and Estonia the prevalence of the Beijing strain,(4) a strain with higher virulence, played a role (59) .
and the majority of drug resistant strains were this genotype (60) . Four studies used the spoligotyping method (Table 1) To accurately determine the recent TB transmission rate, it is recommended that specimens be collected during a three to four year period and the strains of TB identified.
It also recommended that genotyping be used to identify the specific strains. With the identification and typing of special drug-resistance strains, the development of XDR-TB and totally drug-resistant tuberculosis (TDR-TB) can be prevented. This would decrease the burden on the public health system. Identification of multiple infections will allow the correct estimation of reactivated TB and recent transmission possible.
CONCLUSION
Molecular epidemic studies in Iran will enhance our understanding of epidemiologic factors involved in dissemination of TB in the country. These studies also clarify the effective elements on clustering, and the information can be used to develop TB control programs.
New cases of TB, either due to reactivation or recent transmission, are important in Iran with reactivation playing a significant role.
